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IMPEDANCE TUNING OF AN
ELECTRODE-LESS PLASMA LAMP

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application No. 61/830,529, filed Jun. 3, 2013, entitled
“IMPEDANCE TUNING OF AN ELECTRODE-LESS
PLASMA LAMP,” by inventors Dane I. Atol and Timothy J.
Brockett, commonly assigned and incorporated by reference
herein for all purposes. This application is also related to U.S.
Pat. No. 7,830,092, issued Nov. 9, 2010, and titled “Elec-
trodeless lamps with externally-grounded probes and
improved bulb assemblies,” commonly assigned, and hereby
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

The present invention is directed to devices and methods
for generating light with plasma lamps. More particularly, the
present invention provides plasma lamps driven by a radio-
frequency source without the use of electrodes inside a gas-
filled vessel (bulb) and related methods. Merely by way of
example, such plasma lamps can be applied to applications
such as stadiums, security, parking lots, military and defense,
streets, large and small buildings, vehicle headlamps, aircraft
landing, bridges, warehouses, uv water treatment, agricul-
ture, architectural lighting, stage lighting, medical illumina-
tion, microscopes, projectors and displays, any combination
of these, and the like.

Plasma lamps provide extremely bright, broadband light,
and are useful in applications such as general illumination,
projection systems, and industrial processing. The typical
plasma lamp manufactured today contains a mixture of gas
and trace substances that is excited to form a plasma using a
high current passed through closely-spaced electrodes. This
arrangement, however, suffers from deterioration of the elec-
trodes, and therefore a limited lifetime.

Electrodeless plasma lamps driven by microwave sources
have been proposed in the prior art. Conventional configura-
tions include a plasma fill encased either in a bulb or a sealed
recess within a dielectric body forming a waveguide, with
microwave energy being provided by a source such as a
magnetron and introduced into the waveguide and heating the
plasma resistively. Another example is provided by U.S. Pat.
No. 6,737,809 B2 (Espiau et. al.), which shows a different
arrangement that has limitations. Espiau et al. shows a
plasma-enclosing bulb and a dielectric cavity forming a part
of'a resonant microwave circuit with a microwave amplifier to
provide excitation. Several drawbacks, however, exist with
Espiau et al. The dielectric cavity is a spatially positioned
around a periphery of the plasma-enclosing bulb in an inte-
grated configuration, which physically blocks a substantial
portion of the electromagnetic radiation in the form of light
emitted from the bulb particularly in the visible region. Addi-
tionally, the integrated configuration is generally difficult to
manufacture and limits the operation and reliability of the
plasma-enclosing bulb. These and other limitations of con-
ventional techniques may be further described throughout the
present specification and more particularly below.

From above, itis seen that techniques for improved lighting
are highly desired.

BRIEF SUMMARY OF THE INVENTION

According to the present invention, techniques directed to
devices and methods for generating light with plasma lamps
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are provided. More particularly, the present invention pro-
vides plasma lamps driven by a radio-frequency source with-
out the use of electrodes inside a gas-filled vessel (bulb) and
related methods. Merely by way of example, such plasma
lamps can be applied to applications such as stadiums, secu-
rity, parking lots, military and defense, streets, large and small
buildings, vehicle headlamps, aircraft landing, bridges, ware-
houses, uv water treatment, agriculture, architectural light-
ing, stage lighting, medical illumination, microscopes, pro-
jectors and displays, any combination of these, and the like.

In a specific embodiment, the present invention provides a
method of tuning the impedance of an operating plasma lamp.
The method, providing a plasma lamp comprising of a reso-
nator structure configured with a bulb and RF power source,
wherein applying RF power to the resonator structure causes
the bulb to discharge electromagnetic radiation. The resona-
tor structure, comprised of an input coupling element and
output coupling element and configured between the RF
source and bulb, provides a tuning platform that can be
adjusted to change the impedance value of the resonator
structure to initiate a change in overall power transfer from
the RF power source to the bulb or the increase the efficiency
of the RF power source. The tuning can be achieved by
changing the spatial distance or relative configuration
between the input and output coupling element and/or intro-
ducing a specific tuning element that can be configured in the
vicinity of the coupling elements.

In an example, the present invention provides a method for
operating a plasma lamp apparatus. The method includes
providing a resonator structure configured with a bulb com-
prising a fill mixture. The bulb is coupled to an output cou-
pling element. The method applying an RF power source to a
resonator structure configured with an input coupling element
and coupling the RF power to the output coupling element
configured with the input coupling element to cause the fill
mixture to discharge electromagnetic radiation. The method
includes adjusting a spatial distance or relative configuration
between the input coupling element and the output coupling
element during output of the electromagnetic radiation and
causing a change in an impedance value of the resonator
structure to initiate an adjustment of a power transfer from the
RF power source to an output of the electromagnetic radia-
tion.

Benefits are achieved over pre-existing techniques using
the present invention. In a specific embodiment, the present
invention provides a method and device having configura-
tions of input, output, and feedback coupling-elements that
provide for electromagnetic coupling to the bulb whose
power transfer and frequency resonance characteristics that
are largely independent of the conventional dielectric resona-
tor. In a preferred embodiment, the present invention provides
a method and configurations with an arrangement that pro-
vides for improved manufacturability as well as design flex-
ibility. Other embodiments may include integrated assem-
blies of the output coupling element and bulb that function in
a complementary manner with the present coupling element
configurations and related methods. Still further, the present
method and device provide for improved heat transfer char-
acteristics, as well as further simplifying manufacturing. In a
specific embodiment, the present method and resulting struc-
ture are relatively simple and cost effective to manufacture for
commercial applications. Depending upon the embodiment,
one or more of these benefits may be achieved. These and
other benefits may be described throughout the present speci-
fication and more particularly below.

The present invention achieves these benefits and others in
the context of known process technology. However, a further
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understanding of the nature and advantages of the present
invention may be realized by reference to the latter portions of
the specification and attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified flow diagram of a tuning method for
a plasma lamp according to an embodiment of the present
invention;

FIG. 2 is a plasma lamp, including tuning device, accord-
ing to an embodiment of the present invention;

FIGS.3A-3E are detailed diagrams of a resonator structure
illustrating various tuning devices of the plasma lamp accord-
ing to embodiments of the present invention;

FIG. 4 is a simplified block diagram of the plasma lamp;
and

FIG. 5 is a drawing of the resonator structure showing a
particular embodiment of the present invention

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, a method of tuning the
impedance of a plasma lamp is provided. The method is
applied to an operating plasma lamp apparatus that is com-
prised of a bulb, resonator structure, and RF power source.
The bulb is comprised of a fill mixture that when exposed to
concentrated RF power, discharges electromagnetic radiation
in the form of infrared, visible, or ultraviolet light. The reso-
nator structure mechanically supports the bulb, provides heat
regulation, concentrates RF energy in the vicinity of the bulb,
and acts as an RF matching network between the bulb and the
RF power source. The resonator structure is generally com-
prised of a main body that can be made of metal, metallized
material, or a dielectric that is configured with an input cou-
pling element that accepts the RF signal from the RF power
source and an output coupling element that is configured with
the bulb. The input coupling element and the output coupling
element are designed to be spatially separated and are con-
figured to allow RF energy to transfer efficiently from the RF
power source to the bulb.

The configuration between the input and output coupling
elements and the structure of the main body can be charac-
terized by an impedance value measured in Ohms. Similarly,
the RF power source and the bulb can be characterized by an
impedance value. Setting the impedance value of the resona-
tor structure is essential in providing power transfer from the
RF power source to the bulb. In most embodiments, it is
desirable to transfer near-to-all or all power from the RF
power source to the bulb to maximize lamp efficiency. In
fundamental circuit physics, maximized power transfer
occurs when the impedance values of all components are the
same or “matched”. To achieve this condition, the resonator
structure, which in part acts as an impedance transformer or
“matching network”, must be impedance tuned to provide a
match between the RF source impedance and bulb imped-
ance.

In the current embodiment, the resonator structure imped-
ance tuning is achieved through adjusting the configuration
between the input coupling element and the output coupling
element. This is accomplished during the assembly stage,
where the input and output coupling elements are configured
and then fixed. After assembly, the impedance value is mea-
sured. If the measured impedance value is not at the desired
value, the resonator structure must be taken out of the pro-
duction process for partial disassembly where its input and
output coupling elements can be reconfigured. Once recon-
figured, the resonator structure is brought back into the pro-
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4

duction process again and re-measured. This can be repeated
until the desired impedance value is obtained. Depending on
the assembly tolerances, this process can be repeated several
times, reducing throughput, increasing production costs, and
increasing manufacturing complication.

From this standpoint, it is highly desirable to design the
resonator structure with an impedance tuning device that can
be used during the measurement stage. With an impedance
tuning device, the impedance can be adjusted on-the-fly and
then fixed, eliminating the need to partially dissemble and
reconfigure the coupling elements. This will significantly
improve throughput and production efficiency. Impedance
tuning in the current embodiment is achieved by changing the
relative configuration between the input coupling element
and output coupling element. This change can be, but not
limited to: Changing the spatial distance between the input
and output coupling element; changing the effective diameter
or electrical properties of either the input coupling element,
the output coupling element, or both; changing the relative
physical configuration (i.e. rotating, tilting, translating)
between the input coupling element and the output coupling
element.

An on-the-fly impedance tuning device can encompass any
mechanical or electronic method that changes the configura-
tion or spatial distance between the input and output coupling
element. Devices can include, but not be limited to, rotating
dials or set-screws; linear translating devices; metal, metal-
lized, or dielectric sleeves that are attached to one or both
coupling elements. Each of these devices are designed to
change the configuration or spatial distance between the input
and output coupling elements in the following ways: spatially
displacing linearly, rotationally, or in a spiral pattern; tilting
or bending one or both coupling elements in relation to one
another; modifying the effective diameter, shape, and/or elec-
tric properties of one or both coupling elements by introduc-
ing a metal, metallized, or dielectric sleeve.

Each device works during lamp operation, where the
devices can be adjusted to the desired impedance value and
then locked down. The devices introduced here are provided
as examples of the embodiment, and should not limit any
other possible embodiments that can change the configura-
tion or spatial distance between the input and output coupling
elements during lamp operation.

Further details of the methods of tuning the impedance of
a plasma lamp are described using the following examples.

FIG. 1 is a simplified flow diagram of a tuning method for
a plasma lamp according to an embodiment of the present
invention. The plasma lamp is comprised of a RF power
source, bulb, and resonator structure. During operation of
lamp, tuning can be conducted to initiate a change of the
impedance of the resonator structure.

FIG. 2 is a plasma lamp, including tuning device, accord-
ing to an embodiment of the present invention. The plasma
lamp is comprised of three main elements: the bulb (200)
comprising of a fill mixture, the resonator structure (210)
containing an output coupling element (240) configured with
the bulb and an input coupling element (230) configured with
the RF power source (220). The input coupling element and
output coupling element are separated spatially. A tuning
element (250) is typically configured with or near the input
coupling element (230) and is used to initiate a change in the
resonator structure impedance.

FIGS. 3A-3E are detailed diagrams of a resonator structure
illustrating various tuning devices of the plasma lamp accord-
ing to embodiments of the present invention. In FIG. 3A, the
tuning device (310) is a rotating dial that is configured with
the input coupling element (230) in an offset manner, allow-
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ing the input element to tilt in relation to the output coupling
element (240) adjusting the spatial distance (320) and con-
figuration between the coupling elements. In FIG. 3B, the
tuning device (330) is a linear translating element that is
configured with the input coupling element (230), allowing
the input element (which is fixed opposite to the tuning ele-
ment) to tilt in one plane in relation to the output coupling
element (240) adjusting the spatial distance (320) and con-
figuration between the coupling elements. In FIG. 3C, the
tuning device (340) is a linear translating element or elements
that is or are configured with the input coupling element
(230), allowing the input element (which is NOT fixed oppo-
site to the tuning element) to translate in one or more planes
in relation to the output coupling element (240) adjusting the
spatial distance (320) and configuration between the coupling
elements. In FIG. 3D, the tuning device (340) is a rotating
(with rotation of axis along the same axis of the output cou-
pling element) element or elements configured with the input
coupling element that allows the input element (which is NOT
fixed opposite to the tuning element) to rotate in a spiral
manner to change the relation to the output coupling element
(240) adjusting the spatial distance (320) and configuration
between the coupling elements. In FIG. 3E, the tuning device
(340) is a metal, metallize dielectric, or dielectric rod or
sheath that is configured between the input coupling element
(230) and output coupling element (240), configured with the
input coupling element, or configured with the output cou-
pling element adjusting the configuration between the cou-
pling elements to initiate a change in the impedance of the
resonator structure.

FIG. 4 is a simplified block diagram of the plasma lamp,
including electronic blocks, loads, tuning device, according
to an embodiment of the present invention. The plasma lamp
is powered by a RF power source (400) and amplifier system
(410). The RF power source is coupled with an input coupling
element (230). The input coupling element is configured with
the resonator structure (200). Also configured with the reso-
nator structure is an output coupling element (240). The out-
put coupling element is configured with a bulb structure (200)
that emits electromagnetic radiation when powered. A tuning
element (420) can be configured between the input and output
coupling element, configured with the input coupling ele-
ment, or configured with the output coupling element to
adjust the impedance value of the resonator structure. The
tuning element is used to initiate a change in the power
transfer from the RF power source to the bulb or to initiate a
change in the efficiency of the RF power source.

FIG. 5 is a drawing of a plasma lamp showing a particular
embodiment of the present invention. The plasma lamp is
comprised of a bulb (200) comprising of a fill mixture, a
resonator structure (210) containing an output coupling ele-
ment (240) configured with the bulb and an input coupling
element (230) configured with the RF power source (not
shown). In this embodiment, a tuning element includes a
rotating grooved spool (500) that is controlled by a threaded
tuning rod (510). This rod is rotated to cause the spool to push
or pull the input coupling element (230) in a linear motion to
vary the distance (320) between the input coupling element
and output coupling element (240) during operation of the
lamp.

In embodiments of the invention, the adjustment device
comprises a rotating dial configured to linearly actuate the
input coupling element to move the spatial distance between
the input coupling element and the output coupling element.
In an example, the adjustment device comprising a lever arm
structure having a first end and a second end. In an example,
the first end is fixed to pivot about a region of the first end. In
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an example, the second end is attached to the input coupling
element. More generally, the lever arm structure configured to
pivot about an axis while moving in an arc about the axis. The
lever arm structure is configured to the input coupling ele-
ment to tilt a portion of the input coupling element towards or
away from the output coupling element to change a spatial
distance between the portion of the input coupling element
and the output coupling element. The lever arm structure is
made of a suitable material such as a metal, or is metallized to
be conductive in an example. The metal can be aluminum,
brass, steel, or the like.

An example of a lamp structure that can be configured with
the tuning technique is described in U.S. Pat. No. 7,830,092
issued Nov. 9, 2010, and titled “Flectrodeless lamps with
externally-grounded probes and improved bulb assemblies,”
commonly assigned, and hereby incorporated by reference in
its entirety.

While the above is a full description of the specific embodi-
ments, various modifications, alternative constructions and
equivalents may be used. Therefore, the above description
and illustrations should not be taken as limiting the scope of
the present invention which is defined by the appended
claims.

What is claimed is:

1. A method for operating a plasma lamp apparatus, the
method comprising:

providing a resonator structure configured with a bulb

comprising a fill mixture, the bulb being coupled to an
output coupling element;

applying an RF power source to a resonator structure con-

figured with an input coupling element;
coupling the RF power to the output coupling element
configured with the input coupling element to cause the
fill mixture to discharge electromagnetic radiation;

adjusting a spatial distance or relative configuration
between the input coupling element and the output cou-
pling element during output of the electromagnetic
radiation; and

causing a change in an impedance value of the resonator

structure to initiate an adjustment of a power transfer
from the RF power source to an output of the electro-
magnetic radiation.

2. The method of claim 1, wherein the change of the imped-
ance value of the resonator structure matches the impedance
value of the RF power source and the bulb to improve or
maximize power transfer from the RF power source to the
output of the electromagnetic radiation.

3. The method of claim 1, wherein the change of the imped-
ance value of the resonator structure increases the power
transfer from the RF power source to the output of the elec-
tromagnetic radiation.

4. The method of claim 1, wherein the change of the imped-
ance value of the resonator structure adjusts an efficiency
value of the RF source.

5. The method of claim 1, wherein the adjusting of the
spatial distance comprising rotating a dial configured with the
input coupling element in an off-set manner to move the
spatial distance between the input coupling element and the
output coupling element as the dial is rotated during the
discharge of the electromagnetic radiation.

6. The method of claim 1, wherein the adjusting of the
spatial distance comprising linearly tilting the input coupling
element to move the spatial distance between the input cou-
pling element and the output coupling element.

7. The method of claim 1, wherein the adjusting of the
spatial distance comprising linearly translating the input cou-
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pling element to move the spatial distance between the input
coupling element and the output coupling element.

8. The method of claim 1, wherein the adjusting of the
spatial distance comprising linearly translating the input cou-
pling element along a single plane to move the spatial dis-
tance between the input coupling element and the output
coupling element.

9. The method of claim 1, wherein the adjusting of the
spatial distance comprising linearly translating the input cou-
pling element along a first plane and a second plane to move
the spatial distance between the input coupling element and
the output coupling element.

10. The method of claim 1, wherein the adjusting of the
spatial distance comprising linearly translating the input cou-
pling element along a first plane and a second plane to move
the spatial distance between the input coupling element and
the output coupling element, the adjusting occurring through
a spiral spatial region defined around the output coupling
element or a diagonal spatial region defined within a vicinity
of the output coupling element.

11. The method of claim 1, further comprising fixing the
spatial distance between the input coupling element and the
output-coupling element using a locking device.

12. The method of claim 1, wherein the adjusting compris-
ing increasing an effective diameter of the input coupling
element to change the relative configuration between the
input and output coupling element.

13. The method of claim 1, wherein the adjusting compris-
ing deflecting the input coupling element to change the spatial
distance between the input coupling element and the output
coupling element.

14. The method of claim 1, wherein the adjusting compris-
ing the introduction of a tuning element in the vicinity of the
input or output coupling element to change the relative con-
figuration between the input and output coupling element.

15. The method of claim 14, wherein the tuning element is
a metal, metalized dielectric, purely dielectric rod, or sheath.

16. A plasma lamp apparatus, comprising:

a resonator structure configured with a bulb comprising a

fill mixture, the bulb being coupled to an output coupling
element;

10

15

20

25

30

35

8

an RF power source configured to a resonator structure
configured with an input coupling element, the RF
power being coupled to the output coupling element
configured with the input coupling element to cause the
fill mixture to discharge electromagnetic radiation;

an adjustment device configured to adjust a spatial distance

or relative configuration between the input coupling ele-
ment and the output coupling element during output of
the electromagnetic radiation causing a change in an
impedance value of the resonator structure to initiate an
adjustment of a power transfer from the RF power
source to an output of the electromagnetic radiation.

17. The apparatus of claim 16, wherein the change of the
impedance value of the resonator structure matches the
impedance value of the RF power source and the bulb to
improve or maximize power transfer from the RF power
source to the output of the electromagnetic radiation; and
wherein the change of the impedance value of the resonator
structure adjusts an efficiency value of the RF source.

18. The apparatus of claim 16, wherein the adjustment
device is configured to adjust the spatial distance comprising
a rotating dial configured with the input coupling element in
an off-set manner to move the spatial distance between the
input coupling element and the output coupling element as
the rotating dial is rotated during the discharge of the electro-
magnetic radiation.

19. The apparatus of claim 16, wherein the adjustment
device comprising a rotating dial configured to linearly actu-
ate the input coupling element to move the spatial distance
between the input coupling element and the output coupling
element.

20. The apparatus of claim 16, wherein the adjustment
device comprising a lever arm structure configured to pivot
about an axis while moving in an arc about the axis, the lever
arm structure is configured to the input coupling element to
tilt a portion of the input coupling element towards or away
from the output coupling element to change a spatial distance
between the portion of the input coupling element and the
output coupling element.
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